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The invention is described fn the following statement; 



TITLE 

FLAVIVIRUS REPUCON PACKAGING S YSTH4 
FIELD OF THT? mvp^Tyr'^i.T 
THIS INVENTION relates to production of viru^-lite particles of flaviviral 
5 origin. More particularly, this invention relates to an inducible flaviviral 
packaging system tiiat feciUtates inducible expression of flaviviral structural 
pioteins necessary for flaviviral RNA packaging in animal cells. In a particular 
fomi. tile invention provides a tetiacycline-indudble packaging system 
compatible vdth Kunjin and otiier flavivimi cession systems ti«t produces 
10 "^»«^%hi£^titresofvinis-likepartides.Apart^^ 

^'"^B ^y^ the production of virus-like particles ftat package RNA 
con^g a flaviviral replicon and encoding an immmiogenic protein or pqrtide 
for vaccine delivery. 

BACKGROT IND OF THP )[NVENTro>T 
15 Replicon-based vectors of positive strand RNA viruses have been 

developed for anti-viral and antiK>ancer vaccines (reviewed in Khiomykh, 2000. 
Curr Opin Mol Iher. 2:555-569). Several features make tiiese vectors a desirable 
choice for development of highly efficient and safe vaccines. %ese include: a) 
high level of expression of encoded heterologous genes (HGs) due to fl.e abiKty 
20 of'epHco.i RNA 1» amplify itself, (ii) exclusively cytoplasmic reptic^^^ 

eliminates any possible compUcations associated wfth miclear splicmg and/or 
chromosomal imegration, (iii) inability of flie replicon RNA to escape fiom 
tonsfected (or infected) ceU thus Ihniting the spread of U,e vaccine vector in the 
immumzed subject which makes ti«se vectors biologically safe, and (p,) 



relatively small genome size (7-9 kb) allowing easy manipulations vaib their 
cDtiA and generation of recombinants. 

Rqjlicon-based expression vectors have been developed for representatives 
of most positive strand RNA virus femUies. including alphaviruses, 
5 picotnaviiuses, and flavivinises (reviewed in Khromyidi, 2000 si^ra). 

In general. VLP deUvery has shown to be the most efficient in terms of 
induciiig protective immune responses in mammals. 

In particular, expression systems utilizing Kunjin (RUN) flaviviral VLPs 
have been shown to induce protective immune refuses to viml proteins, as 
10 described in Intematicmal AppKcation PCT/AU02/01598. 
" J^cm^y^, packaging of KUN replicon RNA into-. VLPs is relatively 
elaborative and time consuming and requires two consecutive tiansfcctions, first 
with KUN repUcon RNA and after a 24.36hr delay with the SFV replicon, RNA 
expressmg KUN structural genes (Khromykh, et «/.. 1998, J ViroL 72 5967-5977) 

15 addition, the maximum titles of Vlfs produced uang this system were only 
about 2 to 5xl0«» mfectious VLPs per ml (Khromych ei aL, 1998, st^ra; 
Vamavski & Khromykh, 1999, Virology. 255 366-375) which makes large scale 
VU» manufacture difficult 

OBJECT QP THE nWPrMTrrtKy 
20 International Publication WO 99/28487 briefly mentions that 

establishment of a ceU line tirat stably and inducibly expresses flavivinis 
structural protems would be a useful approach for the production of VLPs. 
However, practical implementation of such a system has proven difficult 

In undertakmg tiie establishment of a tetracycline/doxacycline^ucible 
25 flavivirus packaging system, tire present inventors have unexp«^^ 
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Henc no. only doe. to tadudMe padcging ,y„e„ 

t«-fee«on a fUvivi™, .epiicon co^,™, fi„ VU. p,^ 
5 i^Mlte in unexpectedly (^Bdent VLP produoSon. 

J^'-k'nn..^ tadncible flavivirus packaging ^ 
Pa*agingrepliconsd«ivedaom.v«lee-offlavlrtnBs.l«n^ 

» is tore&re «, oijeo. of to invention to p»vide an inducible flavivim 

leplicon packaging system. 

10 » "-"^ 4c invendon to piovid. a fl.vivin» ..plicon 

- ''**«^'^*«"4^«te«fM«Kyofyu.^^ 

SUMMAK Y f^F THF. l>fyp[^ffl 

to one aspec to inv«nio. p^d« a pla»nid pad^g constat for 
>«ir"I«.He «on of on. o, ntore flaww™ 
IS vector comprising a ,eg„ta«i,fe 

nudeo<ides«p»ce encoding «,.o,nto,efl.viviru,a™cft,„Up»tel^ 

to anotor a^ to Invenaon pn.vides a paciaging cdl con-pridng to 
PxAnging construct oftoflia-memionedaqwM. 

toy«anotoraspeCtoinv«a„np,„videsaiiarfvtalex^ion system 
20 comprising: 

(i) »»*>«°^''P«*^c««r»ct6r,eg„h.abte«^^^^_^ 

mo.. fWvin., stn^nml protdns in an anin»d cell, sdd vector 00^ 

• "g-iaW*. pr«««er „p«,U^ Bnted to . nucbotide sequent 
more flavivirus structural proteins; and 

25 (ii) aflaviviralexpiessionoonstnictcompiising: 



(a) a flaviviral replicon; 

(b) a heterelogous nucleic acid; and 

(c) a promoter operably linked to said lepUcon. 

In stiU yet another aspect, the invention provides a host ceU conqmsing 
6 the flaviviial expression system of the invention. 

lii a further aspect, the mvention provides a method of producing 
flavivinis VLPs mcluding the step ofi 

(0 i°fr«d"ci»8 into an animal ceU a plasmid packaging construct for 
«gulatable exp«ssion of one or more flavivirus structural proteins in said animal 

10 vector comprising a regulat^le promoter opembly lirdced t^ 

'*^~'^^"^'^^««»<«°g<»^ _ 

(ii) introducing into said animal cell a flaviviml repression construct 
comprisiiig: 

(a) a flaviviral leplioon; 

(b) a heterelogous nucleic acid; and 

(c) a promoter operably Imked to said repKcon; and 

(iii) i«J«^gProductionofoneormoreVLPsbysaidpackagmgcelI. 
m a StiU further aspect, the invention p«,vides a method of producing 
flavivirus VLPs includmg the step of: 

^0 m introducing into a packaging cell a flaviviral expression constrw^ 

comprising: 

(a) a flaviviral replicon; 

(b) a heterelogous nucleic acid; and 

(c) apw>moteroperablylinkedtosaidiepHcon;and 

5 Cii) ^"ducmgproductionofoneormoreVLPsbysaidpackagingcell. 



origin. 
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Preferably, the flavivh^ ^^.^ ^ ^ 



Preferably, the structural p«>teins ^ Kunjin virus (KUN) E. prM and C 
structuial proteins. 

S ''»*=*'3'>*» ««>daable promoter is tetracydtom^^ 

Tlm.uBfcout fti, ^cMfon, ,«aea «tewfae indided, •VsompAe", 

. steW ioteger or g,o„p intege.. ...ay tahute ».« or mo« oliw »on^ 

integers or groups of integers. 

in 

BRIBP nBSfUfpTIow OP THR FT^'fn; 

ge««aaoa of s«rt. oeU lto«. pEP-rrA.mESp,m pl«^ ™, ^ ^ , 

»«>te BHK cdl Itae. BHK-T*0« co«ln«udy expressly ttttacyc^^ 
<«ns»=tiv«or (.TA) fiom 4e h«a>»n elong«io« ftctor la p<om«er (pBF-U) («. 
IS R^ulB). p™e2CpA1E.IRESN„ plasmid DNA «„ „«d ,0 . «eo«d 

5«H. BHK cdl teacUNCpAdE. ,,,,,«^ KUN s»H^ 
"d E (KUN CprME) teta^ydtoe-taducibte CMV ph^ottr (P^). to 

unfaduced tt«UNCpAdE celb d«,y^ (DOX; a fi»„ of 
Wgh« spcciflc «=«vi^,) tod. « .TA ,«d h fa™. 

20 «^ve eI«neot (n«E) and 3«b«<pu=at acdvata. «C Cp^ nmiA 

DOX fa amoved ftom *e rt«Ham «mldng in a» of tTA. ite ktedtog to 

TRE.aiKlactiv«donofCprMEnfl!NA..a»s«^&.„,CMVprom«to telR- 
T.. .^^ssorp-oWn; VP1« - He.p« dn.p,« vPI6 «,ttv«ion dom«,« 
26 IRES - EMCV irt«», ribosome ecUy site; PAC - p„„„,oia N.««^ 



t»nrfe«se; TRE - Tetracycline-response element; Neo - neomycin resistance 
gene; SV40 polyA - SV40 transciiption temunato,/iK,ly(A) signal; p-globin 
polyA - p-globin transcription tenninator/poly(A) signal. 
Figure 2. Induction of KUN stnictu«l gene exp^ssion in tetKUNCprME 
5 cells upon removal of doxycycline. (A) Northern blot hybridisation analysis of 
RNA extracted fiom induced (-DOX) and uninduced (+DOX) tetKUNQ^ME and 
BHK ceU s. 20 Mg of each RNA was separated on a 1 % formamide^se gel 
^ transfeiwd onto Hybond N membrane by capiUary blotting. (B) Western 
blot analysis of protein extracted fiom induced (-DOX) and uninduced (+DOX) 
10 ^UNCprME and BHK ceUs. 5 Hg of total protein ^separated on a 12^^^^ 
Polyacrylamide gel-then transfered^nto Hybond P membrane.- .The^embrane .- 
M^ incubated ^ KUN anti-E monoclonal antibodies and bound KUN E prot^ 
was detected by chemiluminescence. 

Figures. Fractionation of mAgag VLPs fiom tetKUNCprME cells in 
15 sucrose gradient 6 ml of 72h culture fluid fiom tetKUNCprME ceDs 
clectroporated vdth KUN^«^ RNA ^ clarified at 12,000g fi,rlO min at 4«>C. 
VLPs in the remaining siq^matant were precipitated by the addition of 
polyethylene glycol (MWt 6000) to a final concentration of 6% with continuous 
station at 40C for 2 h. The precipitated VLPs were ften pelleted by 
20 <^«&gation at 12.0008 fi>r 30 min at 4»C. Il.e supernatant was remo^^ 

peUetairdriedandresuspendedin300mofDMEMovemightoniceat4«C. lUe 
preparation was centrifijged briefly fi,r clarification and then layered onto a 5- 
25% sucrose gradient. The gradient was then centrifiiged at 250,000g for 2.5 h at 
4<C. factions were collected asepticaUy fiom the bottom of the gradient 

25 andexaminedbyELISAforthepresenceofKUNEprotein. Subsequently. peak 



s 

infectious (empQr) KUN virus particles. 

Hg»«4. Ampliaoaa™ KUN repHcon VLPs in letKUNCprME cells. 
Comslips of tetKmCprME «d BHK21 cdls ™e in^ ^ o.l MOI of 

3d after infection. 

Figure 5. Ca>8 T ceU responses in mice immunised with higli litre KUN VLP 
tepKoons. Balb^c mice were immunised ip witli 2.5x10' pfo KUN VLPs 
encoding respitary syncytial virus matrix 2 pretein (KUN VLP.M2), 2.5x10^ pfa 
10 «^UNVLPnotencodingarecombi«antantigen(KUNVLPContreIXorscw^ 

peptide^ine containing the .RSY.M2.epitope. S.YlGSlNNI..fonn«Iated with 

tetamis toxoid m Montanide ISA 720 (SYIOSINNm'/M720) (n-3 per group). 
After 15 days splenocytes were removed and analysed for SYIOSINNI-specific 
responses hy (A) IFNy ELISPOT and (B) by standard chromium release assay 
15 (black squares - target cells sensitised with SYIGSINNI peptide. While scpaares - 
target cells without peptide). 

PBIAlM^n DBSORIPTinKf OP TtIB njy i^r.^, 
Tl» preseffl inventors have develt^ . ,,d.te p«*.gtag c^a™^ 3^ 
I»«*.8tag ceu line tetKUN-Ort^E tl»t dlow. dmplified (t, on. RNA 
20 «»nsfecH«.) inducible o»nuft«u.e of KUN replicon VlPs. ,n 0^ 

ftom fl» ,««,.cli«.i„ducible CMV pron««e, (Fig. 1). During 
I>««»««io. «.d n«n«en.nce of this packed 

«n«U„ul g«» products is inhibit«J ,dditi«. rfte..«^Hn. (or doxy^ 
!5 •°*^»=tom.ll»,enK«aIofdoxy<^clineihm,fl»„^„„,«„,^ 
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of KUN «pUcon RNA into tetKUN-CME cells results in induction of KUN 
structural genes e^on whose products then package replicating KUN 
rqtlicon RNA into secreted VLPs (Fig. 1). 

Surprisingly. KUN structural proteins produced fiom this packaging 
5 <^^<^ of the invention, weiec^le of packaging transfecte^ 

amplified Kunjin replicon RNA into secreted VLPs at titres of up to ~4xl0« VLPs 
per mL This represents M 00 fold improvement over previous padcaging protocol 
employing cytopafluc Semliki Forest virus replicon RNA for trar^sient exp^ssion 
of Kunjfa structural genes. Secreted KUN replicon VLPs could be harvested 
10 <«ntinuously three to four times for up to days after RNA tianrf^ 

-P«>*»-i«g-a^ amount otup to ^.5xia'-VLP^W3^10l^^ 

Passaging of VLPs on Vero cells and intracerebral injection of VLPs mto 24 
days old sucklmg mice showed no evidence for the pre^oe of any infectious 
Kunjin virus in VLP preparations. Immunization of mice with KUN replicon 
15 VLPs encoding human respiratory syncytial virus gene induced exc^^^ 

strong CD8+ T cell responses. Packagmg cells were also capable of packaging 
rq,licon RNA ftom a distanfly related Flavivirus, dengue virus type 2, indicating 
potential for tiiese ceUs to package any flavivmis repUcon RNA. 

It vdU be wreciated that flie present invention may therefore have the 
iO foUowingbroadapplicationstoflavivinisrepUconpackaging: 

(i) an abiUly to package any flavrvirusr^Hcon; and/or 
Oi) an aWlity to express any flavivhus structural protems necessary 
and sufficient for flaviviral replicon packaging. 

As used herein. ^flavMrus" and -^Wfra/" refer to members of the genus 
5 ^'"^^tWntiiefemilyi^av/vir^dfa.^ 
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l>P''^>'-«tavivtasa,«««U,«»dopedI^Avi™«(di««tad^ 
45 m yalb peplon«« co^prirf^ . ^ 0yo«,^ E. Other «ru«»a, 

RNA is tafecti^s to , ^ ^ ^ ^ ^ 

of flavivinises is dedgMttd as Irnvfag no4m™.TOM^ 

I-atticBte, non-Iinuting examples of flavivina a« West Nile rfms, Ko-y to 

10 '^■^VellowFevervi^^japanes.Eac.ptaliasri™,!^^,^^ 

" Mo»taaM5«is.l«fto.„eeph,Hfls^ Usum vin,SH«ri.Am.«nn. 

virus. 

■n» tem -Wfefc «*r a. «ed h««H designaB, stogies double. 
mRNA. RNA. eRNA «Ki DNA i«=lusive of cDNA and geaomic DNA. 
« By>v««*^-ismeafflanar.iao«,idjpoIj™er. Amtoo «ad8 «^ toetode 

>«»«"«^ 

known in the art 

A ^-peptide^* is aprotein having less than fifiy (50) amino adds. 
A "polypepiide- is a ptotdn having fifly (50) or moi« amino acids. 
Acceding to the present mvention, a "packaging corner comprises a 
regulatable pxomoter operably linked K, one or m«e nucleotide sequences 
encoding one or more flaviviial structoial protems. 

Preferably, the struchnal proteins are the KUN structural proteins C. prM 



20 



andE. 
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However, sttuctoal p,«ei,^ fe„ „y ^ ^ ^ ^ ^ 

w«h «K«. a™, ^ ^ ^ 

flavivirus (M««k « 20OO, }. Y^l 74 1742; O«in*hoo « of, 2000. 
S Vi»I. 74 5477: Pte«*v « at, I9«. Ac«i. Sci. USA 89 10532) 

d«n<»a«i.g to «r«=n«, ^ ^^^^ 

paskagjngRNAfinm another flavivinis. 

Addiflo^Uy. to p.*^ e««™, may fcrther comprise ofter 
reguhtory sc„e™«, =«h a, a„ i^^^a riboson^l eao- ORES). 3' 
10 «»^y«a«on«,dta„»HpdootemU™a„r«^ 

— --derive*^. „l«tal,.e-»,rice^^. .»omyci„..<^„,^ ,. 
■Mteance senes) to fcciliiate selection of aablo ttm^^ 

By 'reg-UoMe pro^ i, meant a.^ p^noter opemble in an animrt 
cell, «*erein p,„m«er activMy is conf«,Urt.Ie in re^ to one or mon, 

5 agents n^y*eplvsicd(.«.ton.pe«^^ 

be chemical (e.g. ssaoid honnones. heavy metals, antibtatics). 

B»>mpl«, of snch promoters indude he«-shock ind«ible pmm«„^ 

ecdysone in<hciMe^«^ ««c,clta,.indudMe*epressible ptomoteo, 

meWIofldonin^^hdhle ,.„mo.e„ ^ mammaHan^pemble promoters 
) todncible throu^ ft. bacterial ,ac ope™, (^g. ,^regnl«ed CMV or RSV 

promoter). 

A prefe^^l ,«„teri,te pnmK,ter is a "... off. p„„^ ^ ^,^1^ 

tothepie»enceofd»xycylcineandind>K»dby,emovaIof<lo:^Cy«line. 

Acco«Ung to a particU^ly prefened fam rf 4^ anbodimen., the 

«gul«able promote comprises a CMV promo6» Iid«d to a ,e,r«:ycline .e^ 
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encoded by a sepaiate construct 

Acco«Hng to this preferred foim, a stable packagb^ ceU line is developed 

in two stages: 

5 a) esteblishmem of a stable cdl line expressing tetracycline 

(doxycycline) transactivato^ and 

(fi) use oftbfi stable cell Une produced in (0 to genemte a packaging 
cell capable of inducibly eKpressing KUN staictoral genes after >vi1hdrawal of 
doxycycline. 

10 m this case, the CMV proniotar feciUtates e,q«ession of the operably 

linked-CprM-and E structural genes.in.the.packaging^ll..Ho^e^.|t-^.te. - 
appreciated that other promoters may be useful in this such as RSV, 

SV40, adenoviral and human elongation fector promoters, alAough withoJ 
limitation thereto. 

15 By -^operabfy linked or ^operably con^ecteO' is meant that said 

tegdatable promoter is positioned to initiate and tegulalably control intraceUular 
tanscription of RNA encoding said flaviviral structural proteins. 

Suitable host celb for VLP packaging m^ be any eukaryotic cdl line that 
is competenttoeffiscttranscription. translation and any post-transcript^^^ 
20 post-translational processing or modification required for protein expression. 
Examples of mammalian cells lypicaUy used for m^ldc acid transfection and 
protein expression are COS. Vero, CV-l. BHK21. 293, HEK. Chinese Hamster 
Ovary (CHO) ceUs. NIH 313. Jurkat, WEHI 231, HeLa and B16 melanoma cells 
without limitation iheieto. 
25 Preferably, the host ceU is BHK21 . 
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» «m I» <TOn»iaW packaging «lb ..^^ 
encoding one oriuc»« ]»oteins. 

e»m* in Inten,ational Public«i« wO 99/28487 «»i Intem«fa^ Applic«i„n 
02A.1.598. -n-e indnde witton. ^ 

«pii«,n CDNA is piacei nnd« a» con«. Of a n.^^ 
e^on p,»moto =^ aa CMV and ddiv««, in . s™. rfpiaap^ BNA. .ni 

--^■'*-*»*>PN>e4mA-p„l3™,«^^ 
P«Hl«ctioo Of «plic» RNA in vito naing «,™p„^ 

and aaid „^ RKA can b. deli«^ a. nal«d RNA « 
RNA packaged into VLPs. 

IS ^'««»^«P«*«'fl»*inU.»plic„n„fa«i,,^ 

Ku.*invi™^h^fc.,,,,j^^y^^^^_^^__^^^^^ 

system of fl»p^i,^^,^^,^^___^_^^^_^ 
Examples of flwivi™ :ep,u»„, am «e ,ri.a«Iy cl,.«teiz=d 

tool^ie .epHcon. ihm> W.S. Nib Virus «ndn. Of lineage , (SU Vi^^^ 
to ^»«2>»-233)andI,neagen(Y.ma,^,«^^,„,,_y^^_^j^ 

304). deng» vi™ ^ 2 O-a^ « 2„„,^ Mc„,Wo,ogy. 1 18X and 

yeUcm W virus (Molenlcamp 2003, J. ViTOl., 77 1644-1648). 

According to toe p^sen. inv^fon a •5,„rtv*»/ «,p^ ^ 
--Prfses a flavivirns r^licon tog«l» wifl. one ormore «fcer n^gntaor, 
' ■™*«^»«n»nce,.S«*..g„hu», sequences incl«icbu.«, not 1^ 
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promoter, internal ribosomal entry site (IRES), restriction enzyme site(s) for 
insertion of one or moie heterelogous nucleic acld(s), polyadenylation sequences 
and other sequences such as an antigenomic sequence of the hepatitis delta virus 
ribozyme (HDVr) that ensure tennhmtion of tianscription and predse cleavage of 
5 3' termini, respectively. 

Accordingly a "flaviytral egression construct is an expression vector 
into which a heterologous nucleic acid has been inserted so as to be e^ble in 
flie form of RNA and/or as an encoded protein 

Said heterologous nucleic acid may encode one or more peptides or 
10 polypq,tides, or encode a nucleotide sequence substantially identical or 

^^»*8"*ially complementaiy to a target sequence: 

Heterologous nucleic adds may encode piotdns derived or obtained fiom 
pathogenic orgamsms such as vhroses. fungi, bacteria, protozoa, mvertebrates 
such as parasitic wonns and arthropods or alternatively, may encode mutated, 

15 oncogenic or tumour proteins such as tumour antigens, derived or obtained to 
animals indudve of anhnals and humans. Heterologous nucleic acids may also 
em«de syntiietic or artificial proteins such immmiogemc epitopes constructed to 
induce immunity. 

Ihtrodttction of a packaging construct or flavivirus e;q,ression construct 
20 mto an animal cell may be by any method applicable to animal cells. Such 
nieflK,ds include calcium phosphate piedpitation, electroporation, delivery by 
lipofectamine, lipofectin and oti^er lipophilic agents, calcium phosphate 
piedpitation, DEAE-Dextran transfection, micropartide bombardment, 
microinjection and protoplast fusion. 
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So fl« i^endon oaay be :«day ^ ^ 

EXAii/n>r.Rs 

MATERIALS AND METHODS 

5 PU«aid.. Tl»l>b»adpEF^TA-IRESp.„..dert«ttv.ofpEFIRES.P(H«bbs 
« < I9M Biocto Bicphys Res a«>m„ 2«. 368-72) 

^queno. oodfag fcr teWe ft»»cavau» 0%. ,) ™ . gift 
Sta-n. Univcsic- rfQ.«^. n» phmdd pmzCpxME-IRESNeo (Fig I) 
-oding KtW CpcME geoe c,««. ^ 

CIN4IN, a derivative of pcmi (Rses ioo<: r>- ^ ^ . 

P^iiNi ^Kees a/., 1996, BwTedmiques 20 102-110) 

u.mg Mlul «rf XbaL T»c IRESNeo c««,te ™„ ften ^ 
"n^Pandtag M.^ dtes pliffij ^ (Clo^eoh, .o p^ „ 
15 i«««edi«c pIBE2KESN„ p,^^ ^ coding fbr Ku^to 

Cp*IE ge« c«»«. ™„ PCR 
P<*™«» dWa) flo« FLSDX pi^ DNA ,«.pU«. <Khro«,H. « <rf.. 

J. Virol. 72 5967) usi.^ 4. ,Hm«, CpAdEPor 
5-ArrrAaaT<JACACTATAOAOrAOTrCXKXTOro7XU 3- »d CprMERcv 
20 S-OAGGAOATCTAAOCATWACGTrCACQaAOAGA V U> ^ , 

'f-^ «^ is .ooated 100 „^«d.. 
of to fcrwam primer a«i jus. „p«^ of fte ™«ve KUN 
<»n.lafloaim«aio„codo„. 11» BgiH-Bgin fl«g„« ^ ^ 

25 «<«-''-'toIn»l«.ioto«»B««I,lte.fpTOE2n^^^^^ 
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upstream of the IRESNeo sequence to produce the pTRE2CprME.IRESNeo 
plasmid ^ig. 1). 

The RNA-based KUN replicon vectors and other KUN repUcon constructs 
encoding different heterologous genes that were used for in vitro transcription of 
5 <««fe^iq>MconRNAshavebeaipreWoudy(Khmm3to&Westaway,lW^^ 
ViioL 71 1497; Anraku et al, 2002, J. Vitol 76 3791; liu, 2002 #1264; 
Vamavsld&Khiomykh. 1999, Virology25S 366; Vamavski era/.. 2000. J. Virol. 
74 4394). KUN leplicon encoding M2 gene of lespiratoiy syncytial vims (RSV) 
was constructed by cloning into RNAleu vector (Anraku et ai., 2002, ofa 
10 DNAfragmentcontainingRSVM2cDNAsequencethatwaspreparedbyrev«se 

appropriate primes. RSV isolate was kindly provided by P. Young. University of 
QueenslancL 

Hie dengue virus type 2 (DEN2) replicon constructs pDENACprME and 
15 PDENAprME were derived from the plasmid PDVWS601, which contains a full 

lenga cDNA done corresponding to the genome of the New Guinea C strain of 
DEN.2 by creating large in frame deletions in the structural genes. 
pDENACprME retained the first 8 1 micleotides of the C gene and the last 72 
nucleotides of the E gene whilst pDENApriVlE retained the first 21 mKdeotides of 

20 the prM gene and last 72 ntsoftheE gene. 

CeU Hues, virus and antibodies. The BHK21 and Vero cell lines wei« cultured 
m Dulbecco»s modified Eagle's medium (Life Technologies) supplemented with 
10o/« fetal calf serum and penicillin/str^tomycin at 37«C wiA 5% CO2. WHd 
type (wt) KUN virus, strain MRM61C. was grown in Vero cells as described 

25 previously(Westawaye/a/..1997.J. Virol. 71 6650). Anti-KUN NS3 polyclonal 



17 

antibodies raised in tabbits were described previously (Westaway et al^ 1997, 
«(pm). TTie anti-KUN Envelope 3.91D monoclonal antibody (MAb) raised in 
mice ^ a gift fiom Dr Roy Hall. University of Queensland. Australia (Adams et 
al, 1995, Virology 206 49). 

6 »NAt«u,tfecdoB.BHK21censweiecidtuiedfor24hinaCT 

fransfection vdth 2 Mg of plasmid DNA using Lipofectamine Plus reagent (Life 
Technologies) as described by the manufacturer. 

Prodnction of virus-like particles (VLPs) and determination of their titre. 

KUN replicon RNAs were transcribed in vitro using SP6 RNA polymerase mid 
10 «lectK>porated into tetKUNCprME cells essentially as desc^^^ 
"* ~ ^^^y^-^ -Westaway. 1997r «(pr«).- Routinely. -30 -,tg-of~fiNA-vv«re .- 
electroporated into 3 x 10*^ cells. The electroporated cells Mrere then seeded into a 
100mm dish and incubated in different volumes of medium at 37-0 for up to 8 

days. Culture fluid (CF) was usually coUected at 3-5 time points during this 
15 period and replaced with the same volume of fiesh medimn to aUow multiple 
harvesting of VLPs. The titre ofinfectious VLPs was determined by infection of 
Vero ceUs with 10-fold serial dilutions of the collected CPs and comiting the 
number of cells positive for NS3 expression in IF analysis witii anti-NSS 
antibodies performed at 30 to 40 h post-infection. 
20 Immunofluorescence. Coveislips of cultured cells were fixed in 4% 
paraformaldehyde at 28 - 48 hr post-tiansfection wifli repUcon RNAs or post- 
infection with VLPs and assayed for expression of KUN NS3 or E protein by 
indirect immunofluorescence (IF) with anti-NS3 or anti-E antibodies, 
respectively. 
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N»««, bl« Tow RNA ^3 «*ac«d from WOWCprME «n. 

«ag«,(LifeT«te,logi.s). ZOMgofRNA^ssepa^tedon.mfo™,^ 

ao« pTl^EaiNooCprMB ^^^^ ^ f„ „f U*oIUd 

P«.l* ™» "P-f^aied p«*, „epa«d ,«toe 4e Rediprim. n id, 

(Am«lH«.Phm,„actoBio«h)Mdes«,T»dl,yfl,en>a™^ -aeKNA™, 
hyWdi^ ^ 3.p.^^^ ^ ^ ^^^^^^ ^ 

10 (<^) - «se«i«ly „ ascribed by «^„<^. 
>>stogfteIii>ageQoaM»aTOre(NfeleaitoDymiiito 

W««,bl.,.My*. te«UNCprMEcdb^cuhu«ifbr2<k^fa.60™, 
41* Witt, ^4o„ ^ ^ ^ 

■«o«r.d fcr « . lie pn«ei„ conoenwioo to e»h 

SDS-PAOB arf <^ Hyb«rf.P (Aa»«han,-Pte™*. 

(«4 Aim mincA).l%Twe«, 20 in *o,pl«,sbuafeed saline (PBS)). Tl« KUN 

m«i-BMAbw»dil»Wl:,oi„bIocldngta£fer™dinoui«tedwi,htema^ 
fcr 2 h a, mom te„p«6«. lie memhmn. ««, 3 ^ , ,^ 

lW-2a*BSto5min.tt,nn,he«cand.,y,ntt^^^^ l,««oomta„ 
25 «««^y.8-.ami™„sel»««adi»hpemrida«,™,aiIuWls!«»i„H^ • 
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bx,fferaadincubatedvdflitheniembiai.efor2hatRT. THe membrane m«s again 
washed with 0.1% Tv^.20/PBS and developed usmg the ECL +Plus kit 

(Amersham-Phamiacia Biotech). Hie membi«ie ivas then e^sed to X-my fihn 
for varying thne intervals. 

5 RT-PCR and sequencing. Total RNA v«s extracted from a 60mm dish of 
tetKUNCprME ceUs using TrizoL O.^g of RNA was reverse-t«nscribed and 
amplified usmg a Qne-Step RT-PCR kit (Ihvitrogen), The oligonucleotide primers 
used were to the KUN c^ME region with the forward primer, CoxeXbal 
5'GGCTCTAOACCATGTCTAAGAAACCAGGA3' and the r^erse primer, 
10 q,rMERev 5»GAGGAGATCTAAGCATGCCGTTCACGGAGAGA3'. THe 
■ -<^NA.product..was ..then- used as^a-t^plate- for™ sequencmg-. with -BigDye - 
Temnnator Mix (AppUed Biosystem) using 6 different primers to cover the faU 
sequence of fliis r^on. 

Km E protein detection by indirect EUSA. An indirect BUSA for detection 

15 <>f^«=-tedKUNE present in the culture medhmi was perfom^d as desc^^^ 
(Adams e/a/^ «t{pm). 

RESULTS 

Establishment of tetra^dine-induelble cdl line stabty expressing Km 
structural proteins. Initially, BHK2I ceUs were transfected with pEF-tTA- 

20 KESpuroplasmidDNA (see Materials and Methods) to estd)lish a BHKceUH^ 
stablyexpressmgthetetracyclinetransactivator. Two days foUowing iransfection 
4e antibiotic, puromycin at a conc«rtmtion of 10 ^g/„j. was added for selection 
of cell clones. Five ceU clones were isolated and cultu««i successfblly &om this 
transfecdon. These clones were then analysed for mduction of expression by 

25 *«»«fectionwiththeplasmid.plRE21udferase(Clontech)in^ 
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d» Ass.^ s,aem CP«»«8,). AD cIo«, 

*A5 aM *A7 f„ ^ ^ ^ ^ ^ 

Tl»« two clo»» ™. „«d to «tablW, a sabte «n Itoe e,,,^ 4. 

t»«fect«I «ia, pTRE2QrtdE.IRBSNeo plaamM DNA ^ I) ^ 
su««W to «lecSo« Mitt, 0^ „,g« „f oeo«ici„ (Q4W) in «di. ftat .bo 

>c«e«d to tt,.i, efficient ^ ^ ^ 

like partcte. All ,™„ cdl ol<»« dec«,p.^ ^ KW 

(KNAla^ Annto « .1. 2002. J. Vtal. 7« 3791-279*) to detomUne «b«her fte, 

IS «-*'«'»»»ducei,*c«o„sKUN,apBco.VU^El«*opo»^ 

'^'^"*«'~*™>"a»«'*«Wii«. Tl»«»s<,fM«i„„,VLPs 
(to i.tf»dou, ™te (n;, per ^ J, ^ ^^^^ ^ 

detenrined by tof^ Of V«„ ^ ^ 

wi»««.NS3«-lbodi«..des=db,,i,M«^3^,^ Notafecflous 
20 in*, CPs conecedfion.*^ Of tt. CO cl«»s. -naiiH, 

-matoing oiona^ *A3. *A.. .nd*B5 w«c.p.bfeof VLP,.oduc«onwi^ 
v«,ing.ffleian»i«ci-.l.l>. Cdl clone #A« ™, fc„na ^ to ft. „»s, effld^, 
cdllinetoVU.p^„oUon,vi,i,tt»«.,«ofVLft,ea=hi^^„j,,^„^ 
« 53h ate el««opo«i«, Cr-,te 1). This ceD d«» ™, d«ign«ed 
25 telKUNCpiiMBaiidosedtoalUhrtlierstiidies. 
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"KUNCprME cdl Hoe. cens fi, ^ ^ ^ ^ ^ 

S '^'*>e i» *. N»nn:a BHIC2. cells ««. included . a „eg«ive 

hytaidi,.«« of cd, RNA «i4 . «p.a,wi«i C*iE^c dJNA 
(Fig. 2A) «»i proteins wss analysed by Western blot 

«»lysiswifl.KUN«*i.E.nflbodies{Pig.2B).ltar.s«ltesb.«d4a.ft«e™. 

- - .. *'^'^'--nd««..cdb)„ ,.eontes,.reo.oval.of-d«^^ in, . 

-30 fold inc«ase » -he level of CpAlE n*NA. .s Judged by ft. 
I*osphoim.ger con«s in fte conespondinj hbdled band, (Fig. 2A). 

A!>P«»dn»tely sindlar inc«se in fl» level of KUN B p,«ein 
1* also detected (Fig. 2B). 

To e»mine lev* of secWed KON pmtdns KON VLPs in to 
o«lt«» fluid Of te«UNCp*ffi cdls «e initiaUy used indi«« EUSA vrift KUN 
»ti-B andbodies. CPs collected Son. ind«=«d and uninduoed tefiCUNCpaffi 
ccilsft.,™ecato«diS„4.bpHor«,.n.,ysb^^ detecteble levels ,f 
20 KUN Epstein in boftCFsan^les (Table 2). Ho»eve.; »hen ft. same cell, 
elecBopc^ted ^ W^AIen «pBcon M«. . d«n.aac i««„e in EUSA 
"adios. ™s nottced by 45 h after RNA decuopo«ion in fte CF saa^ple flom 

induced cells, while only a n^rglnal increase in EUSA readings ™ detected in 
tl«CPs«q,le6„n«uninduc.dcdlsCrdfc2). When Vl*. fa *«» CP s-uple, 

!S "«««W»"V.roceas.fte«... Of VUSconelatedweU«iftfte ELISA 
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results. 500 lU of VLPs per ml detected .« *k 

per mi aetected in the CF samples collected fiom 

uninduced cells produced an ELISA readii^ OD., of ^.11, 2.1 x 10» lU 

of VLP« per ml in the a. sample f^m induced cells gave an EUSA leadl^ 
-0.63 (Table 2). 

te«»fe=«o. ,™.o«. (Kton.^ „ ^) «„„»^ rf,^ 

13-17. «,pec6ve.y) wWch ^ ^ ^ ^ ^ ^ ^ 

3). ^ 

*. "»K«^ of aoxs^elin, «^ ^ ^ ^ ^ 
-•"^^^^i™ of KUN «^o«. RNA (RNAi^X ^ ^ 

25 »«««»*ho«<l<«^™«Me<l A«On»^„,,^^ 
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set up continuaUy^vithomdoxycycli„e for comparison. TT.e culture n«id 
harvested ftom each dish at 53h and 68h post^dedroporation (Table 3). Each 
sample^examinedbyinfectivityassayonVerocells, THe results showed that 
the opthnal time for induction of CpiME «p^en for VLP assembly is 
5 ««-^i«^ly after RNAeIectn,poration (time -0). A de^^ 
doxycycline fiom the media resulted in decrease of VLP production. 

We we next interested in determining the optimal VLP harvesting 
protocol and the ability of tetKUNcprME cells to produce high levels of VLPs 
encodmg various heterologous genes. KUN r^Ucon RNAs encoding di^nt 
10 genes such as murme polytope (RNAleul^t), mV-l g«g (run^^). p. 

galactosidase - (repPAGp-gal)- and— g^^n . fluorescence- -protem - 

(C20DX/GI^/2AxepHDVr)we,eelectro|K«^ VLPs 
..ere harvested atdiflFerentthnes after RNAelectroporatio^ 
replaced with fiesh medium every time VLPs were harvested to aUow muMple 
15 harvestmg of VLPs aable 4). AU VLP preparations were then tit^ 
infection of Vero cells on glass coversKps ^th serial dilutions of the coUected 
CPs. The average titre of VLPs w«e in the range of 1 x lO' to 3.8 x 1 0» lU per 
ml. and remamed high even m the tiurd or fourth consecutive harvest t^ 
after transfection, dependmg on the nature of the replicon RNA and the VLP 
20 harvesting time (Table 4). total production of VLPs fiom the mitiaUy 
transfected 3 xlO^ tetKUNCprME cells reached 6.5x10'' infectious particles for 

one of tire repUcons(RNAleuMPt) and was in the range ofltoSxlO' infectious 
particles for other replicons. 

To «ke«« KUN «pBco. VU-. c« k. »„Hfied in 

26 ««KUNCi^ b„, ,K„ fa ^ celb een, ™« infected «M. 
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RNA1«^ VlPs a. low MOI (0.1) .„<, inc^ i. 4e „«to. ^ 

•o day 3 post-irfectioa (Fig. 4, p«»b , .„d 2) <lem«,*aa« ^.pIMcto. «k1 

dettct«I m tofected non,^ BHK21 celb « boa Aor 2 «rf day 3 rter VLP 
inftctton (Hg. J. p.„b 3 ««1 4). to a «pa«e „ ..p^^ 

«*i ioo^ae to VU. «»es lion, day 3 .0 day 5 of tacubaflon after iofeca™ of 
t«KUNCprME «ith 0.1 MOI of RNAteu^^ VLP, 4^ 

10 «»finntoga,^calk»ofVU>8 by spread to the pack^ 

able to p.od«», rigiUflcantly (a. teaa. lOO-fekp Ugh« ttee. of KUN r^lfcon 
coa„.«l to our prwioasbr publiahed pmtocol mtag cytopafluc SFV 
"pHeon ftr «pr«aio. of KUN ^ {v«»v*i & Khmmykh. 1999. 

Ab.»« of toiMto^ HW to «pH«. VLP prn»™tto,„. To cc^fl™ 
4« no «oo,^ KUN Virus ^ p.04^ ^ 

>^Ps to toacUNCp^ffi CPS b..v««, a. 2 day, alter «„«ftod«. 
KNAIeuRNA«„„sedtotefe,V«„celhg,o™oncovets.ipa. Tl«,tafec«d 
20 «^'««i-™bi«=dfor5daysande..„.bedto«p.^ 

ofluo«««».. ll»to«cuta« fluid fhm. to faft««,e.vo«Hp,«„ 
«». P»«ged agato on ft«* outa«, of V«o cell, for a ftrtoar 5 d^s and 

P^ir^r^^y ^'-»ai-g~«.a«i.NS3-«ibodiessl,owod 
!S PO^ cdla to to passage b« no positive ceUs to ft, second 
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in the first round of infection. 
5 i"*-"-" factum <.f»ddtog„ic.. .O„,^ 

Pnxlucaon of KON ^Ucoo VIP, i. te«UNCpaffi celU do« «. fe^ ^ 
BeiieiMioi>ofmyiM<mltomttafc«iouslKW»intt 

n™. To d™„«™. ddlhy Of KW, VLP, p«Kl»ced ta 

.cspoa^ ^ gave BALB/» „tfce « sbgte i.p.tan™i«rt™ «id. 23^.10' lU of 

SVIOSINNI were ga««ed EUSPOT ..alysis dK^fag 1400 
»r»«s ,0« ,pta«=,^ (p^. 5^ VLP M2>. a «^ 

efl^:.a^««oof2:l<Hg.5B,KDNVl,M2). A. «p«« ^ co«„„ VLP 
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with SYIOSINNI peptide inducing seve»l fold lower responses (Fig. 5, KUN 
VLP Ck>ntrol and SYIGSINNim'/M720, respectively). 

Packaging of dengue virus repKcons into secreted infectious VLPs In 
tetKUNCprME cells. Further examination of this oeU line demonstx«ted that it is 
5 capable of padcagmg other flavivhrus repUcons such as Dengue. For this, 
equivalent amounts of in vitro transcribed DEN r^Ucon RNAs with a deletion of 
either Q«ME (DENACME) or ME (DENAME) M«re electreporated mto 
tetKUNCprME cells and incubated in the medium without doxycycline. KUN 
replicon RNA (RNAleu) ^ included for comparison of VLP production. IF 
10 «"aiy^^thKUNanti-NS3amibodiesat2daftertransfectionshowed~^^^^^ 
^^^"'^'^^'^^^^^^^^ ^ t^«tion-^^ 
iBspectively. Wection of KUN rq,Ucon RNA RNAleu resulted hi -95% of 
NS3.positive CCDs. KUN NS3 antibodies produced sunilar results m IF analysis 
of DEN2 expressed NS3 as DEN2 anti.NS3 antibodies (results not shown). 
15 Culture fluid was collected at 48, 72 and 144 h post^lectreporetion and titrated 
by mfectivity assay on Vero ccUs. ll,e titre of mfectious VLPs piod«:ed fiom 

DENAMEandDENAQ>rMErepHconRNAsat4«hafterelectroporationwere8x 
10^ lU/ml and 1.8 xlClQAnl respectively. The KUN replicon RNA in ti.e same 
experiment produced VLPs ^tb a titre of 2.2 x 10' lU/ml. Hie results 

20 ^-onstrateti«tDEN2repUconRNAscouldbepackagedmfosecretedVLP.by 
KUN structural preteins produced m tetKUNCprME cells, albeit ^th lower 
efiBciency. 

Discussion 

We taw 4e«ribed l»re a «ovel p«fagi^ fi„ 
25 Flaviv™ ^plic. RNAs imo wiite pa«id«. ha«d <m fte „se of 
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te<-cyclh«.i„d«ibl. sWle p«*agtag «U line te«*rME «5«,stag RUN vin« 

s.™«ma ga,^ Sta^e VIP producfe. p«««=ol 
el««l»»&n. high .f VIPs rcacl^ 

muWple VLP for up 8 day, aU«w«i .teW productfoa rf«p *, ~ 6.5x19' 

5 ihm , *,gte «^ .fe^,,,^ ^ ^^^^^ 

ta«>«»^ ««r our p^vioudy developed RUN „pli«„ p«*^ ^ 
«»fl05*.g cytopaUic SFV «pHo«. RNA .„p«^ 

g«« {V»«iv*i * Ktoomykh, 1999. Ktoon«*h « a,, 1998. 
and feasab a to»e seal. .«»™«cW 

' ' P«>«u=<l- in -packsgtog-oelb -for - vaccta .d«dopn»nt^ 

<Wnst«ted 1^ ga^aaon in tonum«d nrfce of e««w^ 

addW»n. teCp*|E «Ih also aMe » package dengue vin.. 
15 W^VU^teHc«ing.p<«ibte.ppB„«k„rf«C^^ 

l»od»cfion of encapaidadng r^aeons <h» oto 
"■iaantty relaled flavhriras Hibgioups. 

Ftavivim s«™=«n^ proudns appear to be <^ of a» pdmay e«^ 
vtal cj«,p«hieHy a«i Windne«i i,KV»* (Nu.^ 
20 »>00.Vi..lc«y274 292).l.wcytopaauch,„fa^^^B^,,^ 

*e M.l«,ga, RNA (Pang « 2001. ^ Pang 2001. BMC Mta*Iol. 

1 28: Amak. « a/, 2002 . KI»mykh & Weaaway. 1997. SU « 

2002, Virology 29« 219: Van^vaki & Khron^ ,9<,9, ^ ^ 

a!.. 200O, also de««««„tes eo«ribu«on of «n«„na ^, ^ 

25 «>*»^- AMK»gh sttble cdl line, e,,^ 
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4e BBive p,M-E g»e, ^ (Hun. « < 2001. J. VtaL Me«. 97 ,33) 
I««tivrt«. »f art, cl«vag= d.e in pd^ U, p™du„ 

1058) ™ to «ubw «abl. cdl B«s 

amo™«, <tf p,M.E p«iC.. No ,»bIo cD Itac dn.„ta»«»^ ^ 
•taee FhW^ta, *«tanU p«ei„, tave be« reported to date. We have 
P^viousb, gene^ed V«, «U Itae «ab,y exp^stog KON C p^dn. Sowo™ 

•~ ««« oia... „ oondm™_ oa»«e or under «p,«e 

using *«<b,d DhlA «.p«.,U» v«to» s«h « pa-N«, r«ulted io eitt^ 

15 «->"O-20%P«aiu™>,„p^ eon, .«e,.fc„ed.p^ (.wane. 

sl»™). A«eo*« to d^ edl to p™d»o KUN .eplicoo VLP, 
in »ay kw VLP trues (datt not shown). 

«ving tlie wparaa a» stectu,.! p„^ 

to i«duo. .«,.e cen Ii« s*UKi«d «cp,e«ion vectors i. 
20 ind«iWe «,p^„ ^ ge««,ion t 

«I> .jpe. (Rossi *BU«., 998. Qnr.Opin.Bi«,clto„,, 45.). Oftbese.*. 
<*»yeii«e system (Oossen & B,^a,4 1992. ftoc. N.a. Ac«l SoL USA 89 
5547; Yin e, a,., 1996. Anl Biodiem. 235 195) iKjdsthe g«« 
!5 i» «>«-™Wly avsiW* ft™ aoa«oh in Tet^ 
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fonnulations allowing induction of gene exfnession either by addition or by tiie 

of * *_ ». 

»'* tetracycline 

(http://ww.clontech.coni/techinfo/mat^ i.ai»/P nF/PT30Q1-1 p ^ft In view of the 
intended use of KUN tepUcon VLPs in vacdne aRjlications it was logical to 
5 choose Tet-OfiF system in ofder to avoid presence of antibiotic in VLP 
preparations. Approximately 30-fold induction of KUN CpiME mRNA 
tamscription and CprME ejqnession was observed m established tetKUNCprME 
oeU line upon removal of doxycyline and the amount of produced KUN structural 
proteins produced was sufScient to obtain high titres of secceted infectious VLPs 
1 0 after transfection of KUN r^Uccn RNA. The titles of up to ~4xl0« VLPs per ml 
..were^btained.which.is equalor highettiicathe.viral.tilies obtained at tiM5.pealeof 
KUN virus infection in BHK cells {Khiomykh & Westaway. 1994, J. Viiol. 68 
45«0). Importanfly, tiie most sensitive mediod for detection of KUN virus by 
intracranial mjection of suckling mice clearly showed no infectious KUN virus 
15 present in VLP preparations fiom tetKUNCprME cells. In comparison. BHK 
packaging ceU line expiessmg SindWs virus structmal piotem cassette produced 
l-5xl0« of Sindbis or SFV repUcon VLPs per ml (Polo et aL. 1999. Proc Natl 
AcadSci USA 96. 4598-603). These VLP pwpaiations however, contained ~10» 
ij^ per ml of mfectious recombmant viruses, SpUtting tiie structural proteins into 
two expression cassettes m tiie packaging cell tine appeared to remove 
contamination of VLP preparations witii infectious viruses 1o undetectable level, 
but at tfie same time reduced tiie titres of replicon VLPs to 5xlO«-lxlO^ VLPs per 
ml. 

The ultimate test of any vaccine vector candidate is tiieir aWlily to hiduce 
potent immune responses. Our previous studies showed tiiat KUN repticon VLPs 
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injected atdoses up to lO^IU per mouse ^efBcient in induction of reasonably 
stiong immune responses able to protect animals fiom subsequent experimental 
viral and tumour challenges {Anraku a/.. 2002, ,^pra>. Here ive show that 
immunisation of mice with higher doses (2.5xl0' lU) of KUN r^licon VLPs 
5 ««»dii«tl»eRSVM2genethatwei«preparedintetKUNCprM^ 

produced exceptionally strong CDS T cell responses as assessed by ex vivo 
EUSPOT and chromium release assaya. A single vaccination induced re^Kmses 
aubstantiaUy exceeding those i^orted foUowing vaccination with recombinant 
vaccinia virus encoding RSV M2 (Simmons et a/.. 2001. J. Immunol. 166 1106) 
10 «^ exceeding 1i«se seen with other immunogens after DNA/poxvm^ 

^P'^^^^gies(Schndder^/«/,4998,-Nat.Med.4 
2003, J, Immunol. 170 2599. 

Although less eflBciedtly, packaging of DEN2 replicon RNA into secreted 
VLPs was achieved in tetKUNCprME cells. Ihe successful generation of 
15 **i««ericflavivirusesbyr^lacingstnK«uralgenesfiomonev^ 

other flaviviruses (Monafl. ei a/.. 2000, J. Virol. 74 1742; Guirakhoo et al., 2000, 
J. Virol. 74 5477; Pletnev et at, 1992, Proc. Natl. Acad. ScL USA 89 10532) 
indicate that our results were not une,„eced. In our experunents, both DEN2 
replicon constructs one with CprME and another one with prMB genes deleted 

20 ^Pacl^ged by KUN structural proteins with ahnost similar effidency(o^^ 
'-2.fold difference). Ih our experiments, both DEN2 replicon constructs (one 
deleted in CprME genes and another m prME genes) were packaged by KUN 
structural proteins with ahnost similar efiSciency (only --2.fold diflference). Tlte 
packaging of DEN2 replicons by KUN structural proteins in tetKUNCprME cells 

25 ^-lOO^fold less efficient then that ofKUNrepUcon.Theie could be a number 
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of reasons for this. One of the most likely explanaticBis is that Dengue viruses in 
general replicate much less efficiently then KUN virus. Previous experiments 
with foU-Iength infectious DEN2 cDNA showed relatively inefficient production 
of secreted DEN2 virus directly afte- RNA transfection into BHK ceUs (Gualano 
5 et al^ 1998. J Gen n-ol 79 437-^6). Although we did not compare the 
efficiencies of replication of DEN2 and KUN repUcon RNAs in tetKUNCprME 
cells, it is likety that r^lication of DEN2 repKcon RNAs would be less efficient 
then Oat of KUN repUcon RNA and therefore less RNA would be available for 
packaging. 

to In summary, the present invention provides a packaging cell line allowing 
P«>d«ction-of-large . amounts of . Wgh^titre -secreted KUN repUcon- virus-like^, 
particles fiee of infectious vims and demonstrated that immunization with &ese 
particles induced highly potent immune response to encoded immunogen. The 
packaging cell line thus should prove to be useful for the manufecture of KUN 

5 repUcon-based vaccines, hi addition, the packaging ceU Ime was also capable of 
packaging other FUMyirus i^Ucons and should prove to be use&l in basic 
studies on Fkn>ivirus RNA packaging and virus assembly and m the development 
of gene expression systems based on different FJavMrus repUcons. It also 
suggests that in principle a similar system could be developed for packaging of 

l) hepatitis C virus replicons. 

Throughout this specification the aun has been to describe the prefeired 
embodiments of the invention vvithout limiting the invention io any one 
embodiment or specific collection of features. It wiH therefore be appreciated by 
those of skill in the art that, in Hght of the mstant disclosure, various 
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modifications and changes can be made in Ihe particular embodiments 
exemplified without departing fiom the scope of the presait invention. 

The disclosure of each patent and sdentifio document, computer program 
and algorithm lefened to in this spedfication is incotporated herein by reference 
initsCTtbety. 
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Table L 



of different teOaJNCprME cell clones. 



Ceil Clone 


VLP litre' 
(iU/mh 


A3 


5.7x10* 


A8 


2.1x10° 


El 


2x10' 


E5 


5.3x10'' 



* w^re ciccroporaiea wiin ~l5ug of KUN replicon RNA. IKNALeu. and the 
oTv harvested at 53h after electtoponition were detennined by titnitioii 



Tabic 2. ^daction of secreted KUN VLPs in tetKUNCprME cells 
assessed by mfectfvify assay and bjr E protein EIISA. 



tetKUNCprME cells 


ELISA(AbS4so«m) 


VLP Titre OU/ml^ 


Uninduced (- RNA")* 


O.0S6 




Induced (-RNA)* 


0.060 




Uninduced (+RNAleu) 


0.114 


5x10* 


Induced (+RNAleu) 


0.628 


2,1 X 10" 



For (-RNA) samples cells vvere maintained for 48h in die medium witfi (uninduced) or 
wrtbout (m*iced) 03 |ig/ml of doxycycline. For (+RNA) samples cells were 
electfoporated with KNAleu RNA and maintained for 48h hi the n4di3,ith ^Mu^) 
or without (mduced) 0.5 ixg/ml of dowcline. The titres of VLPs were detennined S 
infectivrty ass^ on Vero cells. The secreted VLPs were also analysed by E p«)^^^ 



Tabled. Effect of CprME expression mdaction time on VLP 
production. 



Time of 
induction' 


VLP produ< 
post electroj 


:tion (lU/ml) at hours 
Qoiation 


53 b 


68 h 


Oh 


2.1 X 10* 


3 x 10' 


16 h 


<100 


Z9 X 10^ 


30 h 


<100 


5x10* 



---^ — — — ^M»|^aw00&vaa woo JUltlaU 

indicated , tunes after electroporation 



wilh 



RNAleu 



RNA. 
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Table 4. Production of infections KUN repMcon VLPs encoding 
different heterologous genes in flie tetKDNCprME padding cell line. 



VLPType 


VLPTitre OUAnl'* 


Total VLP 
production 


2d 


3d 


4d 


5d 


6d 


8d 


RNfAIeuMPl^ 


3.1 X 10' 


5.5 X 10' 


3.8 X 10" 




2.9 X 
10* 


1.3 X 
10' 


6.5xltf* 




1 X 10' 


3.9 X 10' 


1.2x10" 


1.6x10' 






9.5 X 10" 


RNAleu' 


1.8x10" 


1.9x10" 




2.5 x 10* 






1.65x10^ 


repPACp- 


4x10' 




1.1 X 10" 




2.3 X 
10" 




3.4x10^ 


C20DX/GFP/ 
2ArepHDVr"= 


1.6x10* 


2.6S<10* 


3:7>tl0* 


2x10* 






5.2x10* 



3x10* cells were electroporated wWi -20^g RNA, and VliPs were harvested several 
times (as indicated) from cells cultivated in 10 cm cultuie dishes in different voliunes of 
medium. 6mr» 10 ml\ or Sml^ of medium in each dbh were used for initial VLP harvest 
and to replace harvested VLPs to allow further VLP production and harvests. Total VLP 
production was calculated by combining amounts of VLPs obtained in each harvest 



DATED this sixth day of June 2003 
THE UNIVERSITY OF QUEENSLAND 
by its Patent Attorneys 
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